Materials List:
-4 types of toilet paper -1-ply, recycled, 2-ply quilted, 2-ply not-quilted (these can vary) -microscopes -100 pennies or washers -2 or 3 ml dropper or syringe (one for each group in class) -water -soup can or glass with rim diameter of no more than 7.4cm (one for each group in class) -4 types of toilet paper -1-ply, recycled, 2-ply quilted, 2-ply not-quilted (these can vary), number these the same as with the previous experiment -scale (triple beam balance or electronic) -4 -12 closed glass jars with labels (the increased number of jars if class is in groups) -water -pH strips -mesh sieve -access to computers with internet -teacher instructions (attached) -student worksheets (attached)
LESSON SUMMARY:
This lesson is designed to teach students the importance of clean water as it pertains to health concerns. Students will learn the causes and problems associated with a lack of clean water and think about what they would do without access to clean water. Students will develop their own definition of "clean" and learn about how water is cleaned in their city. This lesson is primarily a power point, but there is a lot of room for discussion and small activities built into the lesson.
STUDENTS LEARNING OBJECTIVES:
The students will:
Learn what causes dirty water and what health problems that can lead to.
Learn what "clean water" is and how it gets that way.
MATERIALS:
Power point provided
Examples of dirty (turbid) and clean water in glass beakers
Water collected from a lake or stream that has small insects in it
Microscopes

BACKGROUND INFORMATION:
World Toilet Organization created World Toilet Day (WTD) to raise global awareness of the struggle 2.6 billion face every day without access to proper, clean sanitation. WTD also brings to the forefront the health, emotional and psychological consequences the poor endure as a result of inadequate sanitation (http://www.worldtoilet.org/WTD/). The brochure (http://www.worldtoilet.org/WTD/wtd_brochure.pdf ) provided by the WTD organization as a number of facts and figures that may grab the students attention.
It will be important for you to research what the water treatment methods are in your community. Urban areas will have a waste water treatment plant, however each plant may treat water slightly differently. In more rural locations many homes will have their own septic tanks.
ADVANCE PREPARATION:
Teachers should review the power point provided and obtain some water samples with differing amounts of silt added. Just putting varying amounts of soil into some glasses of water is appropriate. If possible try to collect very clean looking water (to the naked eye), that may have some micro-organisms in it. This can be collected from a clear stream, river, or lake in your area.
Additionally, maybe the day before this lesson have a review of the water cycle. Ask the students where and how water can become contaminated in the water cycle.
PROCEDURE:
The power point presentation for this lesson is a guide for this lecture.
A teacher can begin this lesson in a number of different ways to get the students hooked. The idea of WTD is to get rid of the taboos or stigmas associated with toilets so that we can freely talk about those in the world that do not have them in hopes of alerting people to this problem. One way to hook the students is to cut out toilet seats from paper and tape them on the student's chairs. Asking them what they would do if they had no toilet or private areas to go to the bathroom. Obviously this could be a touchy subject for some students, so gauge your class appropriately.
Slide #2. Imagine Life without a toilet
Discussion -What would we do? How many people on earth do you think don't have access to a toilet? So where do we think people go?
Fact -40% of the world's population doesn't have access to good sanitation.
Activity -Have the students figure out what 40% of the class is.
Slide #3. Drinking water
Discussion -Where do we get our drinking water? Where do other people around the world get their drinking water?
Most of us get our water from an underground source. Much of the water is treated my a water treatment plant. Some people have to get water from surface water, such as streams or rivers. This can become contaminated by anything else on the land surface, such as agriculture, chemicals, and even lack of proper sanitation. Slide #4. What are some other problems associated with lack of clean water?
Discussion -What problems does it cause? Has anyone heard of the word cholera before?
A few problems students might think of is dehydration and some kind of sickness. Other's include, diarrhea, arsenicosis (long term exposure caused by low concentrations of arsenic in drinking water which can cause skin lesions that can become cancerous), cholera, Guinea worm disease (drinking water contaminated by Dracunculus larvae), intestinal parasitic worms (people can get this through contact with soil that has been contaminated with human feces from an infected person), malaria (although carried by mosquitos, more mosquitos are present when there is poor water treatment and more standing water), trachoma (eye infection spread through poor hygiene), and typhoid (bacterial infection caused by ingesting contaminated food or water).
Slide #5. Haitian Earthquake example.
Discussion -Do the students remember the 2010 earthquake in Haiti. Do the plate boundaries in this area of the world earthquakes are very common. In the case of this earthquake the Caribbean plate slide past the North American Plate.
Slide #6. Haitian Earthquake example.
Discussion -Ask the students what would happen to our water source in a big earthquake? What about in very poor countries with no infrastructure, what happens to clean water?
In 2010 there was a 7.0 magnitude earthquake centered near Port-au-Prince. The International Red Cross estimates that about 3 million people were affected by the quake. The government of Haiti reports that over 316,000 people died, 300,000 were injured and 1,000,000 homeless. This is a great video describing the cholera outbreak in Haiti and how that combined with lack of clean water spells continued problems for public health. Question -Diarrhea is having watery stool three or more times a day. If an episode of diarrhea lasts more than 14 days, it is acute diarrhea. Acute watery diarrhea causes dehydration and contributes to malnutrition. The death of a child with acute diarrhea is usually due to dehydration. 2.2 million children under the age of 5 die from diarrhea every year. That's one child dying every 14 seconds.
Activity -During this class period how many children under the age of 5 have died from dehydration?
Answer -50 minute class -50 min x 60 sec/1min = 3000 sec; 3000sec/14sec = 214 children
Slide #10. What makes water unsafe to drink?
Switching gears a little. We want to bring the conversation back to clean and dirty drinking water. So what makes water unsafe to drink? What are some of the contaminants we can think of?
For this question the teacher will show jars of water to the class and have students fill in their work sheets. Possible jars of water:
-tap water -tap water with a very small amount of soil added and it sinks to the bottom -tap water with a large amount of soil added -water from a nearby clear lake or stream -water from a nearby dirty lake or stream Have the students discuss what makes water "clean" and "dirty". Come up with definitions of each of these terms. This can be done in groups and then the groups can share their definitions. After definitions have been established, have the students think about possible uses for dirty water vs. clean water. For example, can dirty water be used for our toilets or to water our plants? Where is clean water totally necessary in our lives?
ASSESSMENT:
Have students take notes during the lecture and fill in the worksheet about clean vs. dirty water.
EXTENTIONS:
During the week students can research the type of sewage treatment in their community. Depending on your area, some students may have septic tanks. A take home project would be to have the students research the water quality concerns with septic tanks versus municipal water treatment. Additionally, if possible it may be possible to take a field trip to your local water treatment plant. 
This lesson is allows students to obtain a global perspective of how lucky we are to have clean water easily accessible. This is a data and graph driven activity where students will look at the availability of clean water to people from all the world's countries and compare all of these countries to the United States. Students will be able to see how a nations economy effects clean water, and how clean water effects the health of children.
STUDENTS LEARNING OBJECTIVES:
Read and interpret x-y graphs.
Compare the economic status and availability of clean water across all the world's countries and see how this changes across time.
Determine the relationship between access to clean water and human health across all the world's countries.
MATERIALS:
-Computer lab with access to the internet -Student worksheet
BACKGROUND INFORMATION:
Gapminder.com is a storehouse of data of many different factors, from public health, economics, politics, and sociology. The website allows you to easily graph this information and compare data across countries and through time.
ADVANCE PREPARATION:
Teacher should practice using the online program so they can answer any questions that may arise.
The goal is for students to see that poorer countries generally do not have as much access to clean water as richer countries. Through time, in most of the countries, the access to clean water has improved, but large scale events (war, natural disasters) can alter this. Additionally, students will make the connection that lack of clean water can lead directly to more cases of childhood death due to diarrhea. This is a very graphically intensive lab and should also help students practice their graphic interpretation skills.
PROCEDURE: Using gapminder.com students will answer questions on the worksheet.
ASSESSMENT: Student worksheet is attached.
EXTENTIONS:
This website has numerous other characteristics, both health and water related, as well as many others, that students can experiment with.
REFERENCES:
The source of the following exercise is: free material from www.gapminder.org A. Go to www.gapminder.org
This website is a big data base for information about the world's countries.
It has information about the environment, health, economics, politics, and many other measureable factors. Using the website tools we can graph and compare different factors across many countries. We will be looking specifically at access to clean water.
B. Click the data tab across the top of the page.
C. You will see a list of indicators. These are all the possible data sets that are available.
D. In the search box type "water".
E. The indicator we are going to investigate is "Improved water source, overall access (%)". By clicking on the indicator title a box pops up with some information about this indicator.
1. In your own words what is the definition of "Improved water source, overall access (%)". ___________________________________________________________ ________________________________________________________________ ________________________________________________________________ ________________________________________________________________ 2. What is the unit of measurement? ______________________________________ 3. Would you expect a poor country to have a high or a low percent of this indicator? ________________________________________________________________ ________________________________________________________________ 4. What percent of the US population would you guess has access to an improved water source? __________________________________________________________ F. Click on the visualize icon (white square with red and yellow circles) for the "Improved water source, overall access (%)" indicator.
G. Let's first orient ourselves with this figure. Along the x-axis is the income per person. This is the average income of each person in a particular country. The y-axis is the indicator %. Each circle on the graph is a country. If you hold your mouse over one of the circles the country name will appear. Spend some time looking at all the boxes. Then move your mouse around and hold it over some of the icons. Do not click on anything yet. J. Finally we are going to investigate how clean water and health is related. To do this, click on the little triangle in the x-axis label. A list of indicators will pop up. Go to the "Health" label and another list will pop up. On this list go to the second label "Causes of child death", another list will pop up, and choose "diarrheal deaths in children 1-59 months (total deaths)" it is the second choice below the line half way down the list.
18. Lets first think about what the x-axis is telling us. This is how many total children died due to diarrhea in 2008. Which country has had the most child deaths? Name one country that has had the least. _____________________________________ ________________________________________________________________ 19. Which region in the world has had the most deaths (use the color-coded map in the top right corner? Did you expect this? Why? ________________________________________________________________ ________________________________________________________________ ________________________________________________________________ 20. Does the relationship between access to clean water and number of children that die of diarrhea make sense? By looking at the pattern of circles on the graph can we say what the relationship is between these two factors? Do you think one influences the other? Explain. ___________________________________________________ ________________________________________________________________ ________________________________________________________________ ________________________________________________________________ ________________________________________________________________ 
OVERALL TIME ESTIMATE:
Lab #1 -1 50-minute class Lab #2 -1 50-minute class for introduction and set-up, 15 minutes a day for 5 days following set up for daily testing, and 1 50-minute class to finish lab worksheet. Additionally, depending on need, it may be necessary to have a lecture on pH, as many students have trouble with this concept.
LEARNING STYLES:
VOCABULARY:
bias: tendency of people to favor information that confirms their beliefs or hypotheses Biodegradability: having the capability to be decomposed by biological agents or chemical interactions
Gravity: an attractive force that exists between all objects that have mass Newtons' 3 rd Law: law that states that for every action there is an equal and opposite reaction pH: an inverse measure of the concentration of hydronium ions (H3O+) in a solution. The pH range is from 1-14, with 1-6 for acidic solutions, 7 for neutral solutions, and 8-14 for basic solutions.
Scientific method: a series of steps scientists take to acquire, test, and describe the natural world.
Septic tanks: small-scale sewage treatment system common in areas with no connection to main sewage pipes provided. The anaerobic (without oxygen) bacterial environment decomposes or mineralizes the waste that is then discharged from the tank.
Waste water treatment: those processes used to make waste water (previously used) more acceptable for a desired end-use
LESSON SUMMARY:
The goal of this section is to do scientific testing of various toilet papers. These tests will include tests of strength, durability, biodegradability, and chemistry. The end result is a collection of data for students to have a debate as to which paper is better based on their scientific investigation. Depending on the time given to this project a great deal of outside research could be done to investigate what other studies have found in terms of the benefits of recycled versus non-recycled paper. These first pages are descriptions and background for the labs to be used by the teacher. Student work sheets for each lab can be found after the introduction.
STUDENTS LEARNING OBJECTIVES:
1. Design and implement a scientific investigation 2. Record observations and results from their experiments 3. Develop conclusions free of bias and based on the data collected 4. Learn about and test the pH of various solutions 5. Practice microscope skills
MATERIALS for Lab #1:
-4 types of toilet paper -1-ply, recycled, 2-ply quilted, 2-ply not-quilted (these can vary) -microscopes -100 pennies or washers -2 or 3 ml dropper or syringe (one for each group in the class) -water -soup can or glass with rim diameter of no more than 7.4cm (one for each group in the class)
MATERIALS for Lab #2:
-4 types of toilet paper -1-ply, recycled, 2-ply quilted, 2-ply not-quilted (these can vary), number these the same as with the previous experiment -scale -4 -12 closed glass jars with labels (4 jars is for one set per class, but teacher can add more sets per class if necessary) -water -pH strips -mesh sieve
BACKGROUND INFORMATION:
World Toilet Day is to remind those of us who have clean water and sanitation to not take this for granted. Simply, while some 3 rd world countries do not have clean water to drink, we, in developed countries have clean water to remove our waste. This is an important point, that many of us forget, and maybe young people don't even realize. This lab is in honor of World Toilet Day, and to remind us that we often take for granted clean water and the niceties of toilet paper.
Toilet paper, although serving the same purpose for all of us, does come in different packages. There are numerous commercials advertising the benefits of quilted and multi-ply paper and many people have a strong preference towards a particular brand. Some choose to be more environmentally friendly and choose recycled paper, while other people think this paper is inadequate. Which ever we choose many feel rather strongly about this.
Since the true test of durability and strength comes in to play when the paper gets wet, this test will incorporate wetting the paper to test its strength. If a certain paper is stronger when wet, then maybe less of it needs to be used. If less is used then maybe we are saving paper, and being more environmentally friendly.
According to Procter and Gamble, makers of Charmin, the average consumer uses 20,805 sheets of toilet paper annually. In a family of four, that equates to over 83,000 sheets per year. The average roll contains between 200-300 sheets of toilet paper, resulting in a need for 270 to 400 rolls per year.
(http://www.umd.umich.edu/sep/students/nmanley/nmanley_exp.html).
To determine wet strength, one needs to learn some fundamentals of the scientific field of physics. To test the wet strength of toilet paper weights will be placed on the paper. This weight is being pulled down by gravity, but the toilet paper is pushing up with an equal, but opposite force. If the weight is increased, or the force exerted is increased, at some point the paper will tear. The paper is no longer able to exert an equal force back.
There is a great deal of bias that can go into this experiment, because most people are quite particular about the paper they choose. To account for this, the instructor can choose to select all the paper and just label them A, B, C, and D. This removes some bias from the experiment, and the students might be more engaged because at the end the teacher can tell them which was which. However, if a teacher is encouraging students to design their own projects, then the students can choose the brands.
All toilet paper is made of wood fibers crushed into paper, however some paper is more biodegradable than others. If the goal of this whole set of labs is to determine the best paper, knowing how long it takes to decompose is an important test. The longer it takes the paper to break down, the more likely it is to clog pipes and harder to deal with at sewage treatment plants. For those who have septic systems, backing up of paper can cause a real problem.
The second part of this project is to measure the pH of the paper. This will be done by measuring the pH of the water that the paper is soaking in. Paper that is very highly bleached, chlorine bleach, (generally the more expensive papers) can cause have toxic byproducts, including dioxins. Bleaching is done to not only whiten the paper, but also to remove lignin or glue from the wood particles. These chemicals can end up in our water and soil. Other products are bleached with chlorine free hydrogen peroxide or sodium hydrosulfate, while other products are not bleached at all. Some papers are just made of wood and no glue, so therefore the bleach is not necessary. The results of the pH testing might not be completely clear, but it may provide a forum for discussion.
It might be interesting for the class during the week that they paper is soaking to do some research on their local water treatment plant. If possible, it might be great to do a field trip to this plant as well. It may also be important for students to research the difference between recycled paper and non-recycled. There have been studies conducted to determine the energy required to produce each type of paper and to measure if recycled paper is more environmentally friendly.
